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Executive Summary 

Background 

The nature of America’ s workforce has changed dramatically in the past several 
decades, due in large part to the infusion of rapidly changing technology. This trend has 
resulted in an increased need for workers with greater mathematical skills and higher 
education. 

The U.S. Department of Education Office of Vocational and Adult Education 
(OVAE) contracted with The CNA Corporation (CNAC) and its partners to identify 
promising strategies within community colleges, businesses, organized labor, and the 
military that enable adult learners to strengthen their math skills and abilities and to 
transition into higher- level math courses or work assignments requiring higher- level 
mathematics. 

This literature review is the first step in this process. In order to establish a 
baseline understanding of postsecondary developmental mathematics programs we 
examine the following three issues: 

1. What is the definition, or skill threshold, of adequate student preparation in 
mathematics at the postsecondary level? 

2. What institutions provide developmental math education, and how does the 
education provided differ across these institutions? 

3. What approaches and strategies appear to hold promise for enabling adult learners 
to strengthen their mathematical skills and to progress into college -level math courses 
or work assignments requiring higher- level mathematical abilities? 

Strategies identified in this review will provide the basis for the second phase of 
this project, the purpose of which is to identify math programs in community colleges, 
business, labor organizations, and the military that have supporting evidence that such 
strategies are, indeed, successful. 

Major Findings 

Institutions providing developmental math instruction 

Community colleges are the largest source of developmental math instruction, and 
virtually all public two-year colleges offer at least one developmental course. However, 
these colleges vary in the number of developmental courses they offer, how many of 
these courses each student may take, and the type of credit awarded. In addition, 56 
percent offer developmental education to local businesses, and basic math courses are 
offered by 93 percent of the colleges that extend courses to businesses (NCES 2003). 
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The military services offer basic skills instruction to members who qualify on the 
basis of low entrance test scores or because they do not possess a General Equivalency 
Diploma (GED). Their remediation efforts vary across the services in both the length and 
method of instruction, yet more than 37,000 service members receive basic skills 
instruction each year (U.S. Department of Defense 2004). 

Adult education and workforce development programs also provide basic skills 
remediation. There is growing interest in developing opportunities for people who lack 
skills and resources around career pathways that integrate education, training, and skill 
development in targeted high- wage, high-demand employment areas. Career pathways 
provide developmental, adult, or English as a Second Language (ESL) classes in the 
context of students’ lives and the work- specific skills they need for employment in 
particular industries or sectors. 

Central to federal government efforts to strengthen the skills of displaced or 
dislocated workers is Title I of the Workforce Investment Act of 1998. This program 
supports a network of One-Stop Career Centers that provide access to a full range of 
services pertaining to employment, training and education, employer assistance, and 
guidance for other types of assistance. 

Businesses also are involved in the remediation of basic skills. Companies spend 
an average of 1.8 percent of payroll on training. Of this amount, 5 to 7 percent is in basic 
skills, including literacy, reading, comprehension, writing, math, ESL, and learning how 
to learn. By far, the largest category of training is in technical processes and procedures, 
which totals approximately 13 percent of all training expenditures (Van Buren 2001). The 
most often cited sources of external education and training used by business are 
community colleges, technical and vocational schools, business and industry associations, 
consultants, and universities. 

What constitutes adequate math preparation? 

We found that the knowledge necessary for successfully pursuing college- level 
math programs depends on the education and career goals of the individual. For instance, 
adult learners in community colleges would require somewhat different knowledge if the 
first college- level course were calculus rather than business math. Regardless of whether 
this is a contributing factor, we have found that no consistent definition of math standards 
for college- level preparation exists. However, a number of studies indicate the need to 
have a good foundation in arithmetic, geometry, trigonometry, and algebra I and II. 
Emerging work also indicates the increasing need for basic statistics and the ability to 
analyze data. 

There is less uncertainty or ambiguity in the skills necessary to pursue college-level 
math and to succeed in the highest-paid and highest- skilled jobs. In particular, there 
seems to be agreement on the need to think critically, to solve problems, and to 
communicate mathematically. Both businesses and postsecondary institutions that were 
surveyed as part of large curriculum reform efforts indicate that they want people who 
can identify a problem, determine whether it can be solved, know which operations and 



2 




procedures are required to solve it, use multiple representations (such as graphs and 
words) to describe problems and solutions, and understand and apply mathematical 
modeling. However, these are the skills that are the most difficult to teach and to assess 
(American Diploma Project 2004). 

Whether community colleges are universally adopting these recommendations — 
in terms of the specific knowledge, skills, and abilities — remains to be seen. It is also 
uncertain whether community colleges adequately assess the knowledge and skills 
necessary to pursue postsecondary level math or succeed in the workplace. Regardless, 
the majority of two-year colleges require incoming students to take and pass an 
assessment test before they are allowed to enroll in college- level math courses. Given 
their prevalence, this may be the most relevant benchmark for whether a student can 
successfully transition to college- level mathematics. While minimum scores vary, we 
note a range of score thresholds for the most common of these tests. 

Best instructional practices 

Our extensive search of the developmental education literature yielded only a 
limited number of studies pertaining to adult developmental mathematics instruction, the 
majority of which has been conducted in two-year colleges. Of these, we reviewed 15 
studies of postsecondary institutions, with a majority based on programs in community 
colleges. Unfortunately, none were based on randomized controlled trial experiments, 
which have been elevated to a position of the “gold standard” for research because this 
experimental design is relatively unbiased in evaluating the effect of programmatic 
interventions in the field of education. To augment research on developmental 
mathematics programs for adult learners, particularly aspects of developmental math 
courses, we relied on a broader base of research to provide guidance as to what may hold 
promise for developmental mathematics specifically. However, we were not able to 
locate published research on developmental mathematics programs outside of academic 
institutions. In addition to scholarly sources, we searched Web sites of businesses and 
labor organizations. For example, the Web site of the AFL-CIO, with a membership of 
over 13 million, has a section concerning education issues and legislation, but it contains 
no information about specific education programs in general, or developmental 
mathematics in particular. 

Although we did not identify existing studies containing scientifically based 
evidence of promising practices, salient themes concerning pedagogy emerged, 
suggesting promising but unproven instructional practices that are frequently 
implemented. These may warrant further study. Among the recommendations in the 
literature are: greater use of technology; integration of classroom and laboratory 
instruction; giving students the option to select from among different instructional 
methods; use of multiple approaches to problem solving; project-based instruction; low 
student to faculty ratios; assessment and placement of students into the appropriate 
mathematics courses; and integration of counseling, staff training, and professional 
development. 
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Underscoring these recommendations, our review found that a number of studies 
sought to evaluate the impact of various teaching delivery methods on student success, 
including traditional lecture, computer- assisted courses, self-paced instruction, Internet- 
based courses, and accelerated programs. No clear consensus of the effectiveness of 
technology-based delivery methods emerged. Using various metrics, some studies found 
no effects, some found higher levels of success, and some found lower levels of success 
for students using technology-based or technology- enhanced instruction versus traditional 
lecture. However, a number of research projects, such as those from the American 
Mathematical Association of Two-Year Colleges (AMATYC) (1995 and 2002) and the 
American Diploma Project (2004), conclude that all students should be familiar with 
technology, including graphing calculators, and spreadsheets, and should be able to 
understand the benefits and limitations of each. Further, there is general consensus that 
technology should be a supplement to, as opposed to a replacement of, more traditional 
delivery methods. However, given the inconsistency in study findings, we believe that 
this is one area that warrants further investigation. 

Finally, we have found research that indicates that the types of problems used in 
teaching the material is important. In particular, it is important to use activities that 
engage students in the learning process, particularly in small collaborative group 
processes, most of which reflect the real-world problem solving done in businesses. 

These activities should require the student to actively plan, design, research, model, and 
report findings for projects or case studies. Some argue that students require contextual 
learning and real-world problems to help make coursework and training relevant and 
meaningful. 

We summarize key components of best practice approaches to postsecondary 
developmental mathematics programs below: 

• Instructional and pedagogical: adjuncts to traditional instruction; multiple 
delivery options from which students may choose; computer- assisted instruction; 
Internet-based; self-paced; distance learning; calculators; computer algebra 
systems; spreadsheets; laboratories; small group instruction; learning 
communities; contextual learning; linkages to and examples from the workplace; 
and career pathways. 

• Curriculum content : nonstandard topics covered in developmental math courses 
or topics that vary by career path; length of instruction; and types of activities 
used to reinforce the material. 

• Professional development: faculty training and devebpment; full-time versus 
part-time instructors; and proportion of faculty that are adjuncts. 

• Supporting strategies: counseling, assessment, placement, and exit strategies. 

• Learner and institutional characteristics: full-time versus half-time community 
college student; socioeconomic attributes of learner; workplace versus academic 
learner; and having private or military employment versus preparing for a new 
career. 
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Introduction 



The nature of America’s workforce has changed dramatically in the past several 
decades, due in large part to the infusion of rapidly changing technology. This trend has 
resulted in an increased need for workers with greater skills and higher education. For 
instance, the Bureau of Labor Statistics (BLS) (BLS 2001) predicts that jobs requiring at 
least a bachelor’s degree will grow 21.6 percent between 2000 and 2010, and those 
requiring an associate degree or vocational certificate will increase 24.1 percent. In 
contrast, jobs requiring only work-related experience will increase just 12.4 percent 
during the same time period. 

In spite of these trends, employers are finding that their workforce is simply not 
prepared to meet even the most basic skill requirements, including reading, writing, and 
mathematics. The National Association of Manufacturers found in a 2001 survey sent to 
its members that 80 percent of manufacturers experience a moderate to serious shortage 
of qualified job candidates, and that 26 percent of employers listed inadequate math skills 
among the most serious skill deficiencies (National Association of Manufacturers Center 
for Work Success 2001). Further, 20 percent said they rejected applicants for hourly 
production positions due to inadequate math skills. A survey conducted in 2001 by the 
American Management Association (AM A), based on responses from 1,627 human 
resource managers in AMA member and client companies, found that 41 percent test job 
applicants in basic literacy and or math skills; of those tested, 34 percent lacked sufficient 
skills for the positions they sought (AMA 2001). Less than 9 percent of the respondents 
said that they hired those found to be deficient. If interested in hiring, respondents either 
assigned applicants to obligatory developmental training or offered voluntary 
developmental training, and this was true across business sectors. Manufacturing offered 
remediation to the most, 8.6 percent, while wholesale and retail offered remediation to 
the least, just 2.8 percent. Instead, the overwhelming majority of companies simply refuse 
to hire those who do not pass the basic skills requirements — the fate of over 80 percent of 
these applicants in all business sectors. 

This growth in deficient skills is in large part a function of the rapidly increasing 
skill requirements and the changes in these requirements over the past few years. In other 
words, it is not just a matter of employers requiring more workers to know math; the type 
of math required is also changing. 

The most recent statistics on adult literacy 1 confirm the deficit in skilled workers. 
The 1992 National Adult Literacy Survey (NALS), conducted by the National Center for 
Education Statistics (NCES), assessed the prose, document, and quantitative literacy 



1 A number of definitions exist for numeracy and mathematical, or quantitative, literacy. We prefer the 
definition provided in the 1994 Conference on Adult Mathematical Literacy. That source states that 
numeracy and mathematical literacy are interchangeable notions, and define them as “the aggregate of 
skills, knowledge, beliefs, patterns of thinking and related communicative and problem-solving processes 
individuals need to effectively interpret and handle real-world quantitative situations, problems, and tasks” 
(Gal and Schmitt 1995) 
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proficiency of adults (Kaestle et al. 2001). The study defined the following five 
hierarchical levels of quantitative proficiency (Kaestle et al. 2001, p. 11): 

• Level 1: Tasks require performing single, relatively simple arithmetic 
operations, such as addition. The numbers to be used are provided and the 
arithmetic operation to be used is specified. 

• Level 2: Tasks typically require performing a single operation using numbers 
that are either stated in the task or easily located in the material. The operation 
to be performed may be stated or easily determined from the format of the 
material (for example, an order form). 

• Level 3: Two or more numbers are typically needed to solve the problem, and 
these must be found in the material. The operation(s) needed can be determined 
from the arithmetic relation terms used in the question or directive. 

• Level 4: The fourth level requires performing two or more sequential 
operations or a single operation in which the quantities are found in different 
types of displays, or the operations must be inferred from semantic information 
given or drawn from prior kno wledge. 

• Level 5: Level 5 requires performing multiple operations sequentially. The 
features of the problem must be disembedded from text or based on background 
knowledge to determine the quantities or operations needed. 

Their results indicated that 22 percent of adults demonstrated skills in the lowest 
level of quantitative literacy proficiency, and an additional 25 percent demonstrated skills 
at the second lowest level. In other words, almost half of all adults could not perform 
tasks at the level necessary as defined by the third level of quantitative proficiency, such 
as using a calculator to calculate the difference between the regular and sale price of an 
item in an advertisement (Kaestle et al. 2001, p. 208). 

Kaestle and his colleagues (2001) concluded that there is a strong relationship 
between the level of literacy and education attainment. For instance, the quantitative 
proficiency of 79 percent of adults who were high school dropouts and completed nine to 
12 years of school was below the third level, compared with 51 percent of those who 
completed a high school degree. They also found that those high school dropouts who 
went on to earn a GED fared as well as high school diploma graduates, with 54 percent 
scoring below the third level (Kaestle et al. 2001, p. 17). 

Low levels of literacy have fairly serious negative economic consequences. The 
NALS study found employed workers who scored in the lowest two levels of literacy 
tended to be employed in the lowest wage occupations, such as food service, childcare, 
and maintenance (Kaestle et al. 2001, p. xxxviii). Other studies have also found that high 
school dropouts experience higher rates of unemployment and are more likely to receive 
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public assistance than high school diploma graduates who did not go on to college 
(National Center for Family Literacy 2003). 

The fact that half of all high school graduates do not possess quantitative literacy 
skills at least at the third level, as defined by the NALS study, is a clear indication that a 
high school diploma is not enough to meet the increasing need for highly skilled workers. 
In part as a response to the needs of employers and the higher wages that high-tech jobs 
offer, the rate of college enrollment of graduating high school seniors has increased 
significantly since the last half of the 20th century, from 45 percent in 1960 to 62 percent 
in 2001 (NCES 2002, table 184). Even so, studies find that a large proportion of those 
who enroll in college are not prepared to pursue college- level courses. A recent study 
concluded that more than one million students entering postsecondary education each 
year require participation in developmental courses, representing 42 percent of the 
student population (McCabe 2000). This same research concluded that successfully 
remediated students do perform well in standard college-level courses, noting that 82 
percent of a nonrandom sample of remediated students included in the study passed 
college- level mathematics classes. This is a striking finding considering that many 
developmental courses are described by students as dull and poorly taught, and 
emphasize low-level drill and practice (Grubb 1999). 

Recently, states have established higher standards for high school graduation, 
have increased admission requirements at colleges and universities, have structured open 
admissions programs at community colleges, and have used testing and evaluation to 
assess education outcomes (Bandy 1985; Fonte 1997; Merisotis and Phipps 2000; 
Thacker 2000). According to the U.S. Department of Education, however, only four 
states 2 required students to have four Carnegie Units (each unit is roughly equivalent to 
one academic year of study) in mathematics for high school graduation in 2001, 
seventeen of the remaining states only required two units, and the rest required three 
(NCES 2002, table 152). 

Clearly, some students can take more math than what is mandated by state law for 
high school graduation, and some states recommend more math for college-bound 
students. According to Barth (2002), the percentage of students completing algebra II in 
high school, the minimum content typically required to enroll in college -level 
mathematics, has grown from 40 percent to 62 percent between 1982 and 1998. 

Yet, according to the U.S. Department of Education, the average scores on the 
National Assessment of Education Progress (NAEP) of 17-year-olds whose highest level 
of mathematics is algebra II are at a level that enables them to perform reasoning and 
problem solving involving fractions, decimals, percents, elementary geometry, and 
simple algebra (NCES 2002, table 125). But the problem does not begin in high school. 
The most recent news of the math competency of the nation’s schoolchildren shows that 
scores on the NAEP are up in mathematics, but a fairly large number still do not meet the 
proficiency standards set by the National Assessment Governing Board (Plisko 2003). 
Among fourth- graders, 77 percent are at or above a basic level of proficiency, up from 50 



2 Alabama, Georgia, North Carolina, and South Carolina. 
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percent in 1990. For eighth- graders, 68 percent are at a basic level of proficiency or 
higher, up from 52 percent in 1990. But as impressive as these gains are, they still show 
that almost one-third of eighth- graders are not at a basic level of math proficiency. 

Adult learners who are not recent high school graduates who seek to improve 
their basic skills literacy, earn a GED, or pursue postsecondary education face more 
difficulties in obtaining higher level math skills than recent graduates do. In particular, 
they often face more financial (often as sole household earner) and logistical (such as 
daycare and time off from work) challenges. And in many cases, they have a history of 
education failure and of long-term functioning at low levels of quantitative literacy. 

The Adult Education and Family Literacy Act of 1998, Title II of the Workforce 
Investment Act of 1998, authorizes a program of national leadership activities to enhance 
the quality of adult education and literacy programs nationwide, including collecting data 
and disseminating best practices information. The U.S. Department of Education Office 
of Vocational and Adult Education (OVAE) is sponsoring a number of studies that 
address the growing need for adult education in general and basic literacy in particular. 

OVAE has sponsored this project to provide better information on current and 
new strategies under development in the field, and to use that information as guidance for 
future research efforts into promising practices in developmental mathematics for adult 
learners. One specific goal is to inform and enhance adult basic education programs to 
ensure that participants have the math knowledge and skills necessary to pursue college - 
level mathematics when they transition from Adult Basic Education (ABE) to 
postsecondary education or to workforce programs that require higher- level math. 

The goals of this literature review — the first phase of this research — are to: (a) 
define the mathematical knowledge and skills necessary to pursue college-level 
mathematics and (b) identify the elements of deve lopmental mathematics programs 
within community colleges, the military, businesses, and organized labor that enable 
adult learners to transition from developmental to college-level mathematics. To that 
end, we address the following three issues: 

1 . What is the definition and skill threshold of adequate student preparation in 
mathematics at the postsecondary level? 

2. What institutions provide developmental math education, and how does the 
education provided differ across these institutions? 

3. What approaches and strategies appear to hold promise in enabling adult learners to 
strengthen their mathematical skills and to progress into college -level math courses or 
work assignments requiring higher- level mathematical abilities? 

We begin our literature review with a discussion of the knowledge and skills 
necessary to pursue college- level mathematics, and of common tests and their cutoff 
scores used to assess the ability of students to pursue college-level mathematics. Next we 
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discuss a review of the literature concerning components of successful developmental 
mathematics programs in postsecondary settings. Because of the paucity of research on 
many aspects of developmental mathematics instruction for adult learners, we also review 
literature of more common themes within developmental education. 

We then review some common practices in colleges in terms of these components, 
to determine the progress of postsecondary institutions in addressing the 
recommendations from the literature. Finally, we examine what other organizations are 
doing in developing the mathematics skills of their workforce. In particular, we look at 
the military, businesses, labor organizations, and other adult education efforts. 
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What Skills and Knowledge Do Students Need to Pursue College -level 
Mathematics? 

The primary goal in this literature review is to define the skill threshold necessary 
to pursue college- level mathematics and to discover promising strategies for helping 
students to progress to this threshold. We have discovered two salient themes in the 
literature concerning what this means precisely. The first is the knowledge, or content, 
required. This includes a detailed description of the specific math facts or subjects to be 
covered, such as ratios, decimals, or, more broadly, arithmetic. The second theme 
concerns the skills and abilities necessary to pursue college-level math. By skills we refer 
to observable competencies to perform a function. For instance, critical thinking, 
generating ideas, and determining which tool is necessary to do a job are considered 
skills. Abilities are attributes that affect the ability to perform a task, such as manual 
dexterity and inductive and deductive reasoning. 

Based on or review, we conclude that there is less uncertainty or ambiguity in these 
necessary skills and abilities than there is in the required knowledge, or content. In fact, 
community colleges and businesses are in general agreement concerning these skills and 
abilities. However, skills and abilities are often more difficult than knowledge to teach 
and assess. In particular, there seems to be widespread consensus as to the need to think 
critically, to solve problems, and to communicate mathematically. Several studies 
provide more precise definitions of these skills, which we summarize below. 

Crossroads 

Crossroads in Mathematics: Standards for Introductory College Mathematics 
Before Calculus (hereafter referred to simply as Crossroads), published in 1995 by the 
American Mathematical Association of Two Year Colleges, established goals and 
standards for preparation for college-level mathematics that are the most oft-cited of any 
study of developmental mathematics at the postsecondary level (American Mathematical 
Association of Two Year Colleges 1995). AMATYC developed on six guiding 
principles upon which it based its standards: 

1. All students should grow in their knowledge of mathematics while attending 
college. 

2. Students should study mathematics that is meaningful and relevant. 

3. Mathematics must be taught as a laboratory discipline. 

4. Hie use of technology is an essential part of an up-to-date curriculum. 

5. Acquiring mathematics knowledge requires balancing content and instructional 
strategies recommended in the AMATYC standards along with the viable 
components of traditional instruction. 
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6. Increased participation in mathematics and in careers using mathematics is a 
critical goal in our heterogeneous society. 

The standards are divided into three categories: intellectual development, content, 
and pedagogy. Because Crossroads is the seminal work in this area, we summarize its 
standards, which provide goals for introductory college mathematics and guidelines for 
selecting content and instructional strategies for accomplishing the principles. 

Intellectual development standards 

Students will: 

o Engage in substantial mathematical problem solving; 
o Learn mathematics through modeling real-world situations; 
o Expand their mathematical reasoning skills as they develop convincing 
mathematical arguments; 

o Develop the view that mathematics is a growing discipline, interrelated with 
human culture, and understand its connections to other disciplines; 
o Acquire the ability to read, write, listen to, and speak on mathematics 
subjects; 

o Use appropriate technology to enhance their mathematical thinking and 
understanding and to solve mathematical problems and judge the 
reasonableness of their results; and 

o Engage in rich experiences that encourage independent, nontrivial exploration 
in mathematics, develop and reinforce tenacity and confidence in their 
abilities to use mathematics, and inspire them to pursue the study of 
mathematics and related disciplines. 

Content standards 

Students will: 

o Perform arithmetic operations and will reason and draw conclusions from 
numerical information; 

o Translate problem situations into their symbolic representations and use those 
representations to solve problems; 
o Develop a spatial and measurement sense; 

o Demonstrate understanding of the concept of function by several means 
(verbally, numerically, graphically, and symbolically) and incorporate it as a 
central theme into their use of mathematics; 
o Use discrete mathematical algorithms and develop combinatorial abilities in 
order to solve problems of finite character and enumerate sets without direct 
counting; 

o Analyze data and use probability and statistical models to make inferences 
about real-world situations; and 
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o Appreciate the deductive nature of mathematics as an identifying 

characteristic of the discipline; recognize the roles of definitions, axioms, and 
theorems; and identify and construct valid deductive arguments. 

Pedagogy standards 

Mathematics faculty will: 

o Model the use of appropriate technology in the teaching of mathematics so 
that students can benefit from the opportunities it presents as a medium of 
instruction; 

o Foster interactive learning through student writing, reading, speaking, and 
collaborative activities so that students can learn to work effectively in groups 
and communicate about mathematics both orally and in writing; 

o Actively involve students in meaningful mathematics problems that build on 
their experiences, focus on broad mathematical themes, and build connections 
within branches of mathematics and other disciplines so that students will 
view mathematics as a connected whole relevant to their lives; 

o Model the use of multiple approaches — numerical, graphical, symbolic, and 
verbal — to help students learn a variety of techniques for solving problems; 
and 

o Provide learning activities, including projects and apprenticeships that 
promote independent thinking and require sustained effort and time so that 
students will have the confidence to access and use needed mathematics and 
other technical information independently, to form conjectures from an array 
of specific examples, and to draw conclusions from general principles. 

The AMATYC is revising its Crossroads curriculum standards to “create a 
product that communicates a renewed vision and guidelines” (American Mathematical 
Association of Two Year Colleges 2002a). To that end, the AMATYC conducted two 
activities to assess the impact of the original Crossroads standards. It sent a survey to 150 
AMATYC members and 250 potential members; respondents numbered 42 and 13, 
respectively. In addition, an Association Review Group (ARG) was established 
consisting of 63 AMATYC affiliates, academic committee chairs, and members. While 
the survey response rate is low, we note the findings because they may be indicative of a 
larger trend. In particular, the survey responses suggest that respondents made the 
following changes to mathematics curricula in response to the original Crossroads 
recommendations: 

• Greater use of technology; 

• More emphasis on contextual experiences, problem solving, or modeling; 

• More collaborative work in the classroom; and 

• Increased awareness of different teaching and learning styles. 



13 




Many respondents attributed these curricula changes to Crossroads. Those who 
did not said that either Crossroads reaffirmed such principles or the National Council of 
Teachers of Mathematics (NCTM) Standards had a greater effect on causing these 
changes. NCTM provides comprehensive guidelines covering curricula, professional 
teaching standards, and assessment standards targeted toward K-12 mathematics 
curricula (National Council of Teachers of Mathematics 1989, 1991, 1995, 2000). 

Further, survey respondents noted that the most significant barriers to 
implementing the Crossroads recommendations were time, overcoming faculty resistance 
to change, money, scarcity of texts and materials, and lack of convenient and affordable 
professional development opportunities. Finally, the top six issues that faculty members 
believe should be addressed in their current reform efforts are instructional delivery, 
technology, pedagogy, content, adjunct faculty, and training new and retaining current 
faculty. 

Standards for Success 

Conley and Bodone (2002) provide one of the more comprehensive studies of 
mathematical content necessary for success for entry-level college students. This study 
reports findings from a collaborative group of 400 representatives from numerous 
universities that generated the so-called Standards for Success, in which they formulated 
key knowledge and skills necessary for university success in entry-level courses 
compared with just high school preparation. The Pew Charitable Trusts and the 
Association of American Universities (AAU) sponsored the work of Conley and Bodone, 
and the authors note that it is the first and only comprehensive statement of university 
entrance- level skills that is presented in terms of standards rather than simply in terms of 
course names or broad content statements. 

The authors point out several important findings emanating from this work. For 
instance, academic content standards in the K-12 system are not set in consultation with 
higher education personnel, and no state’s standards correlate with college admission 
criteria. These criteria are expressed in terms of class rank, GPA, and required courses — 
but not in competencies. The authors suggest that it is important to align the K-12 
standards with academic expectations so that there are not two distinct educational 
systems (K-12 versus postsecondary) with vastly different knowledge and skills 
expectations and outcomes. However, they also note that, while the basic content 
knowledge standards proposed by this group do align well with individual states’ 
standards for high school, a real divide exists in the types of intellectual development that 
should accompany the mastery of content knowledge. 

Because the Standards for Success included the knowledge and skills necessary, 
which goes beyond the Crossroads standards, it is important to include the full set of 
standards in this report. However, because they are so detailed and lengthy, we provide 
the full list in Appendix A. In summary, the standards established by this group indicate 
that before pursuing college- level mathematics, students should have the following 
knowledge: basic arithmetic, including fractions and exponents; basic algebra, including 
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manipulation of polynomials and solutions for systems of linear equations and 
inequalities; basic trigonometric principles; basic pictorial and coordinate geometry, 
including the relationship between geometry and algebra; and statistics and data analysis. 

Further, the standards stipulate abilities similar to those in Crossroads, under 
mathematical reasoning. For instance, they state that students should have the ability to: 
(a) use inductive reasoning and a variety of strategies to solve problems; (b) use a 
framework or mathematical logic to solve problems that combine several steps; and (c) 
determine mathematical concept from the context of a real-world problem, solve the 
problem, and interpret the solution in the context of a real-world problem. 

Related to this literature, we note some emerging research below on math content 
and skill requirements of students in two-year colleges. This work has important 
implications. It may mean a shift in the knowledge and skills that are necessary to pursue 
math at two-year colleges. It also reinforces some common themes in the two studies 
cited, as well as other literature that we reviewed and that we discuss later. 

The Vision Report 

First, we note the work that is being conducted by AMATYC under the National 
Science Foundation grant, “Technical Mathematics for Tomorrow: Recommendations 
and Exemplary Programs.” At a recent national conference, over 80 educators, technical 
personnel from business and industry, and technical faculty from two-year colleges 
identified what they defined as exemplary practices in mathematics programs that serve 
highly technical curricula, such as biotechnology, computerized manufacturing, 
electronics, information technology, semiconductors, and telecommunications. Their 
work, summarized in A Vision: Final Report from the National Conference on Technical 
Mathematics for Tomorrow (AMATYC 2002b) and hereafter referred to as the Vision 
Report, built on that conducted by those of the Mathematical Association of America’s 
(MAA) subcommittee on Curriculum Renewal Across the First Two Years (CRAFTY), 
who also participated in this conference. 

The recommendations that emerged from this conference cover several topics. 
Underlying the discussion of content is the necessity for students to possess certain 
abilities that the Crossroads and Standards for Success research highlighted, as well as 
those emphasized by other studies we discuss later. The recommendations are uniform, 
regardless of the learner’s age, level of mathematics, or organization noting the 
requirement, and are equally important as, or perhaps even more important than, the 
knowledge requirements themselves. These are critical thinking skills, the ability to 
communicate mathematics, and the ability to select an appropriate method to solve a 
problem — from fairly basic word problems to those that are much more complex and 
may require research, development of a new process, data collection, or use of 
technology to organize data. 

The Vision Report’s discussion of content includes arithmetic, algebra, geometry, 
trigonometry, calculus, and statistics. While these topics and their subcategories refer to 
college- level mathematics, a level beyond what concerns us here, they indicate the types 
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of courses in which students should have some background before pursuing college- level 
math. It is worth highlighting that both the Vision Report’s recommendations and those 
contained in the Standards for Success (Conley and Bodone (2002)) include some 
knowledge and skills in statistics, particularly the knowledge of analytic tools and the 
ability to analyze, interpret, and display real data. They also note the need to be able to 
use spreadsheets, graphing calculators, and Computer Algebra Systems. These studies 
suggest that, in preparing adult learners for college- level mathematics, it would be useful 
to introduce them simultaneously to the technology and the fundamental concepts of 
statistics. 

American Diploma Project 

The last study on which we report was conducted by the American Diploma 
Project (2004), a joint venture of Achieve, Inc., the Education Trust, and the Thomas 
Fordham Foundation, and supported in part by a grant from the William and Flora 
Hewlett Foundation. The National Alliance of Business also was an original partner of 
the project. We refer to this publication by project name rather than by title. 3 

This is a particularly relevant study for our work for a number of reasons. First, 
this research confirms the findings of the studies we have just cited concerning the 
knowledge, skills, and abilities that are necessary for high school graduates, and therefore 
adult learners, who want to pursue postsecondary education. It goes further by providing 
precise examples of the types of problems that students should be able to solve. In 
addition, these recommendations are not just based on feedback from postsecondary 
institutions; they have been developed in partnership with frontline managers in 
occupations with the highest projected pay and skill requirements for the next decade. 

The goal of this work was to realign high school diploma requirements with the 
expectations of employers and postsecondary institutions to, in their terms, reestablish the 
value of a high school diploma. The starting point was to describe the English and math 
skills that high school graduates need to succeed in postsecondary education or in high- 
performance, high- growth jobs. The work of the American Diploma Project was based on 
a close collaboration with K-12, postsecondary, and business leaders in such occupations 
as healthcare, information technology, telecommunications, high-tech manufacturing, 
semiconductor technology, law, energy, retail, and financial services. 

The math content necessary reflects what is typically taught in algebra I and II, 
geometry, and data analysis, the latter echoing the recommendations for statistics and 
data analysis skills noted previously. American Diploma Project partners also include 
analytic and reasoning skills that they suggest have been associated traditionally with 
honors or Advanced Placement (AP) courses, but that they now assert are considered to 
be essential skills by colleges and employers. 

The American Diploma Project found a surprising amount of consistency in the 
skills and content standards established by business and postsecondary institutions 



3 The title is Ready or Not: Creating a High School Diploma That Counts. 
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involved in this work, both within and across states. It concludes that this work confirms 
the notion that postsecondary and workplace expectations are converging. 

Once again, the researchers note that it is not just specific knowledge that is 
important but the ability to think critically. They emphasize skills to develop and analyze 
an argument, to define and research a problem, to present a well-reasoned solution to the 
problem, and to apply basic knowledge and skills in new and unfamiliar contexts. 

However, unlike many of the standards we have reviewed, the American Diploma 
Project differentiates the knowledge and skills necessary by whether the person intends to 
major in math or in math- dependent fields. This is an important distinction in terms of 
what defines adequate preparation to pursue college- level mathematics. Certainly, the 
answer to this question would depend on whether the person plans to pursue a career in, 
for example, electronics engineering versus law. 

The project’s research includes specific benchmarks and actual workplace tasks 
and postsecondary assignments that illustrate each of these benchmarks. Examples of 
these tasks can be found on its Web site at: www.achieve.org. 

Summary 

The four studies that we reviewed — Crossroads, Standards for Success, the Vision 
Report, and the American Diploma Project — together provide consistent and 
comprehensive guidance on specific topics and the skill threshold necessary to pursue 
college- level mathematics. The consensus is that students should have a basic foundation 
in geometry, trigonometry, algebra I and II, and some basic statistics. All four studies 
emphasize the importance of mathematical skills, particularly critical thinking skills. This 
research also indicates the necessity of tailoring the preparation to the types of college 
math and career path that the person intends to pursue. 

While the conclusions and recommendations of these studies are based on careful 
research and collaboration with postsecondary institutions or businesses or both, they 
have yet to be adopted universally by two-year colleges. Even where they are in use, 
assessment of incoming students’ skills may not reflect this new approach to content or 
abilities. As we noted previously, it is much easier to assess in a paper-and-pencil test 
whether a person has command over certain basic skills that require memorization than it 
is to determine whether a person has the critical thinking skills to perform higher- level 
math that postsecondary education and the workplace require. 

An examination of the adequacy of assessment tests in determining whether 
incoming students possess adequate skills and abilities required for these emerging trends 
is beyond the scope of this study. However, we turn to a discussion of assessment tests 
because, more than anything else, they are currently the most common requirement of 
students who wish to pursue college-level mathematics at community colleges. 



17 




18 




Assessment and Placement Policies 



The use and misuse of placement tests is central to this review for two reasons. 
First, according to a recent survey by the American Association of Community Colleges, 
58 percent of its 400 respondents required adult learners transitioning from an ABE 
program to pass an assessment of basic skills in order to enroll in a college- level math 
course (Schults 2001). Studies that we reviewed suggest that mandatory student 
assessment and placement tests have a positive impact on student performance. Young 
(2002) argues that requiring mandatory placement tests is a good policy because 
numerous studies have shown that students who take mandatory placement and 
assessment tests and subsequently enroll in developmental courses perform better in 
college- level courses than similar students who do not take developmental courses. And 
according to Boylan and Saxon (2002), fewer than 10 percent of students who require 
remediation will be successful in college without getting it. Their work, based on a 
synthesis of over 200 studies on developmental education, finds that only the most 
motivated students will enroll when assessment and placement into developmental 
courses is voluntary. They conclude that placement and assessment should be made 
mandatory. However, we note that, if unmotivated students are not seeking remediation, 
making remediation mandatory will not necessarily increase their motivation level or 
their course performance. 

The other reason for focusing on placement tests is that an understanding of test 
content and cutoff scores to bypass developmental mathematics may help to create 
curriculum guidelines for enhancing ABE programs. In particular, they may provide 
useful information not only about what students should know but what level of 
comprehension is required. Using other tests, such as standardized tests or high school 
exit exams, may not be sufficient in many cases. Several studies we reviewed argued that 
there is a disconnect between scores on standardized tests used by postsecondary 
institutions and scores on exit exams required for high school graduation, or on other 
measures of mathematics knowledge acquired in high school. 

For instance, a study conducted in the mid-1990s looked at how high school 
preparation affected placement rates in developmental courses at Utah Valley State 
College (UVSC) (Hoyt and Sorensen 2001). In that study, the researchers surveyed high 
school transcripts from five high schools in two districts for 1995 through 1997 to 
determine the relationship between high school preparation and college placement test 
scores. Of those students who took algebra II and geometry, the nominal prerequisites for 
college algebra, the average score on the American College Test (ACT) 4 math component 
was 20 in one district and 19 in another. During the time frame under study, UVSC 
required students to score 24 or higher on the ACT math component to be eligible to 
enroll in college algebra. In fact, over half of all students in these districts who had 
completed that level of high school math were subsequently placed into developmental 



4 The ACT is one of the two most popular tests used for four-year college admissions. We discuss the 
various placement tests later in this section. 
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